The three dimensional electron density in momentum space » (p) and in wave vector space n(k) was reconstructed for cadmium (Cd). The measurements were performed using the two dimensional angular correlation of annihilation radiation (2D-ACAR) technique. Enhanced contributions in the spectra were observed around 5.5 mrad, discussed in terms of a Kahana-like enhancement e¬ect. From another viewpoint, Fermi radii were analyzed in the (¡ M K); (ALM ) and (AHK) planes, and they showed a maximum deviation of about 4% from the free electron Fermi radius. Moreover, comparisons to a radio-frequency size e¬ect (RFSE) experiment and theoretical band structure calculations (using augmented plane wave (APW), linear combination of atomic orbital (LCAO) and linear mu¯n tin orbital (LMTO) methods) were examined. The results showed a qualitative agreement with both APW and LCAO calculations. However, a favorable agreement with the APW method was determined via Fermi surface dimensions. The di¬erences of bands' occupation of n(k) between the current work and the APW method were argued in view of positron wave function in Cd.
Introduction
The enhanced contribution due to the positron-electron interaction of divalent hexagonal close packed (HCP) metals is a very interesting subject. Among these metals, Cd has a greater c=a ratio (=1.862) than other metals in the same group (=1.633) [1] . Cd may be ¤ E-mail: aladin331@yahoo.com, Tel: 002-02-330-8430, Fax: 002-02-555-2468 categorized in a transition series. Arguably, it is hypothesized that Cd is nearly free of electrons; details from its s¡ electron conduction bands are mainly determined by crystal symmetry and lattice parameters. In view of its electronic structure, the Fermi surface of Cd [2] revealed¯ve di®erent sheets: two hole surfaces in the 1 st band centered on H point, a complicated surface in the 2 nd band, two electron surfaces in the 3 rd band centered on ¡ point and centered on L point, and one electron surface in the 4 th band centered on L point. Stark et al. [3] calculated the band structure of divalent HCP metals based on an empirical non-local, pseudo-potential scheme that includes the spin orbital e®ect. They found that there are no electron states in either the 3 rd or 4 th bands around L point.
Daniuk. et al. [1] performed band structure calculations using the LMTO method. Similarly, their results con¯rmed that there are no electron states in the 4 th band around L point. G. Kontrym-Sznajd [4] performed Fermi surface calculations from 2D-ACAR data for magnesium (Mg) and Cd. Their Cd results showed a very small peak in the 3 rd band while also a±rming the absence of a 4 th electron surface around L point. However, con°icting data does exist; band structure calculations using the APW method [5] and LCAO method [6] showed qualitative agreement with Ref [2] . Notwithstanding, the dimensions of Fermi surface sheets of the last two methods were rather di®erent. From another perspective, G. Kontrym-Sznajd et al. [7] studied Kahana-like enhancement effects in some divalent HCP metals using a 2D-ACAR experimental setup, then compared their results to the LMTO-ASA (de¯ne ASA) band structure calculation method. The same authors [8] introduced a method to extract the electron-positron enhancement contribution from the momentum distribution of annihilation quanta. Subsequently, they compared their results to the experimental angular correlation of positron annihilation radiation curves [9] . Their method provided a more reliable veri¯cation of the form of electron-positron enhancement near the Fermi surface in simple metals. Moreover, they deliberated the in°uence of the positron distribution with the electron-positron interactions on the momentum density ½(p) of annihilation quanta in real metals Mg, zinc (Zn) and Cd [10] . However, variations in the Fermi surface of Cd remain. Current work endeavors to classify the electronic structure of Cd and to study the enhancement e®ect of electron density in momentum space. Using a reconstruction technique, ½(p) is reconstructed from 2D-ACAR data [11] . In addition, Fermi surface topologies are determined in both momentum and wave vector spaces, then explained in terms of observed results. The free electron Fermi radius is compared to the measured Fermi radii in the (¡M K ); (ALM ) and (AHK) planes. The dimensions of Fermi surface sheets obtained in the wave vector space showed strong congruence with APW calculations. 
Experimental

Results and discussions
For data analysis, see our previous paper [12] . Figure 1 represents the contour map of ½(p) in the three main planes (¡M K); (ALM ) and (AH K), respectively. The distribution is shown as a contour map in increments of 2.0% of the peak height. The reciprocal lattice points are represented in the spectra as dark circles. This¯gure reveals some important features. Firstly, interaction of the positron with core electrons in the lower part of the spectra continues to nearly 17 mrad. This is attributed to the strong, repulsive d-like interaction in the 4d¡ core state of Cd. Secondly, the nearest neighboring reciprocal lattice point G 111 is observed at reciprocal lattice positions; they are observed at ¡K = 9.4, ¡M = 8 and ¡A = 4.2 mrad. These values are almost far from the Fermi momentum of Cd (P F = 5.445 mrad). As it is well known, momentum is conservative in periodic crystals. The momentum carried by the photon equals that of the two particles up to the reciprocal lattice vector. Thus with the positron in its ground state K + = 0, an electron with wave vector k contributes to ½(p)not only at p = k but also at p = k + G (Umklapp process), where G represents reciprocal lattice points. As a result, the main contribution to the Fermi surface of Cd is largely dependent on G o in the¯rst Brillouin zone [12] . Thirdly, the spectra showed enhanced contribution, around 5.5 mrad, nearby Fermi momentum, which is attributed to positron-electron interaction. Figure 2 represents 2D-ACAR spectra in three main directions (¡K; ¡M and ¡A) along with that obtained using the Kahana-like enhancement formula:
and°= p=p F . The "(p) value is the enhancement factor derived from dividing
, where (½ IP M (p) represents the electron density in the momentum space using the independent particle model). The values a, b and c are enhancement factors. This value depends on the enhancements of various electronic states; it is not a quantity that can be extracted from the experiment based soley on the information about the positron-electron interaction. The enhancement parameters are obtained from statistical analysis using the least square method. [9] is more appropriate for the enhancement e®ect. This enhancement e®ect is attributed to the many body e®ect. Given that, when the positron enters to the metals it pills-up the electron charge. Those electrons are, mainly, that nearby Fermi momentum. Consequently, the crystal potential felt by positron increases to values higher than the existent potential of crystal around the position of the positron. Consequently, the momentum space density increases larger in approaching Fermi surface [14] . In regard to the Fermi surface, its edges are determined by applying a maximum in gradient method jr½(p)j M ax [15] . Figure 3 represents the obtained Fermi radii in the (ALM ); (AHK) and (¡M K) planes, respectively, normalized to the free electron Fermi radius. The determined Fermi radius of Cd reveals a maximum deviation of about 4.0% in the [¡L] direction. This result emphasizes that the Fermi surface of Cd deviated from the spherical shape.
The LCWThe LCW (Loucks, Crisp and West) folding procedure [16] has been used to determine the electron density in wave vector space restricted within the 1 st Brillouin zone. Figure 4 represents the intersection of the Fermi surface with di®erent symmetry planes: (¡M K); (ALH ) and (¡AHK) planes, respectively. These¯gures show a hole surface centered on H point and two electron surfaces centered on ¡ and L points. The band number of those surfaces can be calculated from the band's occupation by normalizing the values of n(k) to the total momentum density, along di®erent principal symmetric lines, as
This shows that the holes and the electrons are below and above 100%, respectively. The band's occupation is derived under the postulation that n(k) is the sum of¯lled bands. This corresponds to the fact that the wave function of the positron is uniform in the whole region. In that approximation, the electron states are considered as a simple plane wave. Consequently, the electron k-space density is that which arises from the Fermi surface. In physical existence, the positron wave function e®ect varies from one band to another, and each has its own k-dependence. In Cd that contains d¡ like states, this e®ect is signi¯cant. The thickness between the horizontal lines in di®erent bands is derived from the least square¯tting. Figure 5 represents the band's occupation along di®erent symmetry directions in the Brillouin zone, for Cd. The value n i denotes the momentum density of electrons belonging to the ith band (1 st to 4 th bands). The vertical and horizontal lines represent Fermi surface edges and band number, respectively. The dotted, sharp and chain lines indicate the band structure calculations using the APW [5] , LMTO [1] and LCAO [6] methods, respectively. The main di®erence between the later two band structure calculations is observed around L points. That is, the LMTO method shows nothing in the 3 rd band around L point, while the LCAO method negated that. In contrast, the APW calculation exhibited a superlative harmony with the current results of Cd. Notwithstanding, the present results show obviously that there are¯ve kinds of surfaces as predicted by APW method.
The dimensions of the above mentioned sheets are calculated from maximum of gradient of wave vector space density n(k) as follows:
where k x , k y and k z are the unit vectors in k-space, and then performed the mapping of jrn(k)j M ax to trace the ridge of the singular peak. Table 2 clari¯es the current results of Fermi surface dimensions in au as compared to another RFSE experiment [17] , as well as calculated results from the APW [5] and LMTO [1] methods. The current result shows a close correlation with the APW calculation. Controversially, the current results dissented, even qualitatively, the results of the RFSE experiment and the LMTO calculations.
Conclusions
The ½(p) of Cd was reconstructed from 2D-ACAR spectra using the reconstruction technique based on the Fourier transformation. Some of the following features are observed in the spectra. Initially, contributions are due to positron interaction with a core electron and are attributed to the strong, repulsive d¡ like interaction in the 4d¡ core state. Additionally, HMCs (high momentum components) are noted and attributed to the Umklapp process. Finally, enhanced contributions in the upper part of the spectra around Fermi momentum are observed, and they are attributed to the interaction of positrons with many body systems. By applying the LCW method, we obtained Fermi surfaces in wave vector space restricted within the¯rst Brillouin zone. The current results reveal ve kinds of Fermi surfaces similar to those predicted by the APW method. They are: a 1 st band hole surface near H point, a 2 nd complicated band hole surface, a 3 rd band electron surface centered on ¡ point, a 3 rd band electron surface around L point and a 4 th band electron surface around L point. Generally, the Fermi surface sheets of Cd. using current measurements, resemble those calculated from the APW method. The sheet's dimensions also show good conformity with the APW method. In the¯nal analysis, the present experiment didn't lend much support to either the RFSE experiment or band structure calculations using the LMTO method.
The enhanced parameter (b/a) Table 2 The obtained dimensions of the Fermi surface of Cd, from the present results (2D-ACAR) in comparison with the APW method [5] , RFSE measurements [17] and the LMTO method [1] . ¤ dns -does not exist 
